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(57) ABSTRACT

A belt conveyance apparatus includes an endless belt con-
veyed while being supported by a plurality of support rollers
in a tensioned state. The plurality of support rollers include
a tension roller and a steering roller. The tension roller,
which 1s disposed adjacent to and downstream of the steer-
ing roller 1n a conveyance direction of the endless belt, has
a reverse crown shape 1n which end portions 1n a rotational
axis direction each have an outer diameter larger than a
middle portion.

19 Claims, 10 Drawing Sheets
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BELT CONVEYANCE APPARATUS AND
IMAGE FORMING APPARATUS FOR
REDUCED BELT BUCKLING

BACKGROUND OF THE INVENTION

Field of the Invention
The present 1nvention relates to a belt conveyance appa-
ratus used 1n an 1mage forming apparatus such as a copier

using an electrophotography process or an electrostatic
recording process, a printer, and a facsimile, and an 1mage
forming apparatus including the belt conveyance apparatus.
Description of the Related Art
An 1mage forming apparatus using an electrophotography
process or an electrostatic recording process, for example,

typically includes a belt conveyance apparatus including an
endless belt (hereinafter, may be simply referred to as a
“belt”) supported by a plurality of support rollers 1n a
tensioned state. The belt 1s used as a carrier that carries and
conveys a toner 1mage or a recording medium on which a
toner 1mage 1s formed. Examples of the carrier that carries
and conveys a toner 1image include a belt-shaped electro-
photographic sensitive member (photosensitive belt) and an
intermediate transier member (intermediate transier belt)
configured to carry and convey a toner image transferred
from a photoconductor to transfer the toner image onto a
recording medium. Examples of the carrier that carries and
conveys a recording medium on which a toner image 1s
formed include a recording medium carrier (conveyance
belt) configured to carry and convey a recording medium to
which the toner image 1s transierred from the photoconduc-
tor.

An example of the image forming apparatus using an
clectrophotography process, which includes an intermediate
transier belt, 1s further described. In general, the intermedi-
ate transier belt configured to be supported by a plurality of
support rollers 1 a tensioned state and rotated (conveyed)
may be displaced toward one end in the width direction,
which 1s a direction substantially perpendicular to a con-
veyance direction, during the rotation. This problem 1s
called “belt deviation (meandering)”. The belt deviation
may be caused by factors, such as a low outer diameter
accuracy of each support roller and low relative alignment
accuracy between the support rollers.

As a measure to solve the problem of the belt deviation,
Japanese Patent Laid-Open No. 2002-2999 discloses a tech-
nique in which at least one of support rollers 1s tilted against
the other support rollers to move the intermediate transier
belt 1n a direction opposite to the direction of displacement
in the width direction of the imtermediate transier belt.

However, when the steering roller 1s tilted on a predeter-
mined trajectory as described 1n Japanese Patent Laid-Open
No. 2002-2999, the tilting may destroy the parallel relation-
ship between the steering roller and the other support rollers
in the conveyance direction of the intermediate transier belt.
This may cause a stretched surface of the intermediate
transier belt to have a difference 1n tension in the width
direction ol the intermediate transfer belt at a position
adjacent to a portion wound around the steering roller. Thus,
in particular, the stretched surface of the intermediate trans-
ter belt between the steering roller and the support roller
(upstream roller), which 1s positioned adjacent to and
upstream of the steering roller in the conveyance direction of
the mtermediate transier belt, 1s readily waved. The wave
typically extends radially from a high-tensioned portion of
the stretched surface, which 1s close to the steering roller,
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toward an upstream side of the mtermediate transier belt in
the conveyance direction of the intermediate transier belt.

If the intermediate transier belt 1s waved while traveling,
the wave generally disappears at the portion of the interme-
diate transier belt to be wound around the steering roller.
However, 11 the wave protrudes such that the height of the
wave 1s larger than the width of the wave, the intermediate
transfer belt may be buckled at the portion to be wound
around the steering roller. As a result, the intermediate
transier belt may have a crease. 11 the intermediate transier
belt has a crease, an output image may have a crease,
resulting 1n an 1image defect. In addition, once the interme-
diate transfer belt has a crease, the crease 1s unlikely to be
readily smoothed out.

SUMMARY OF THE INVENTION

The present mvention provides a belt conveyance appa-
ratus 1ncluding

an endless belt carrying a toner image and

a plurality of support rollers supporting the endless belt
from an 1nner surface side of the endless belt 1n a tensioned
state, the plurality of support rollers including a steering
roller, a first roller, and a second roller, wherein

the steering roller 1s configured to move the endless belt
in a width direction of the endless belt when tilted with
respect to the first roller, the width direction intersecting a
traveling direction of the endless belt,

the first roller 1s disposed adjacent to and upstream of the
steering roller in the traveling direction of the endless belt,
and

the second roller 1s disposed adjacent to and downstream
of the steering roller 1n the traveling direction of the endless
belt, the second roller having a reverse crown shape in which
end portions 1n a rotational axis direction each have a larger
outer diameter than a middle portion.

The present mvention also provides an image forming
apparatus mcluding

an endless belt,

a toner 1mage forming unit configured to form a toner
image on the endless belt, and

a plurality of support rollers supporting the endless belt
from an 1nner surface side of the endless belt in a tensioned
state, the plurality of support rollers including a steering
roller, a first roller, and a second roller, wherein

the steering roller 1s configured to move the endless belt
in a width direction of the endless belt when tilted with
respect to the first roller, the width direction intersecting a
traveling direction of the endless belt,

the first roller 1s disposed adjacent to and upstream of the
steering roller 1n the traveling direction of the endless belt,
and

the second roller 1s disposed adjacent to and downstream
of the steering roller 1n the traveling direction of the endless
belt, the second roller having a reverse crown shape in which
end portions 1n a rotational axis direction each have a larger
outer diameter than a middle portion.

Further features of the present mmvention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic cross-sectional view of an image
forming apparatus.

FIG. 2 1s a schematic cross-sectional view of an interme-
diate transfer unit.
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FIG. 3 1s a schematic perspective view of a steering roller
and peripheral portions thereof.

FIGS. 4A and 4B are schematic perspective views of a
steering drive unit and peripheral portions thereof.

FIGS. 5A to SC are schematic perspective views indicat-
ing an operation of a steering mechanism.

FIGS. 6A and 6B are respectively a perspective view and
a cross-sectional view of a tension roller according to an
embodiment of the present invention.

FIG. 7 1s a schematic view indicating a tension distribu-
tion 1n an mtermediate transier belt according to an embodi-
ment of the present invention.

FIG. 8 1s a schematic view indicating a tension distribu-
tion 1n an intermediate transfer belt according to a compara-
tive example.

FIGS. 9A and 9B are respectively a perspective view and
a cross-sectional view of an auxiliary roller according to
another embodiment of the present invention.

FIG. 10 1s a schematic view indicating a tension distri-
bution 1n an intermediate transier belt at a position close to
an 1mage transier surface according to another embodiment
of the present invention.

FIG. 11 1s a schematic view indicating a relationship
between expansion and contraction of the intermediate
transier belt and an 1mage according to another embodiment
of the present invention.

FIG. 12 1s a schematic view for explaining a generation
mechanism of color misalignment.

FIG. 13 1s a schematic cross-sectional view of the main
components of an 1mage forming apparatus according to one
ol other embodiments.

DESCRIPTION OF TH.

(L.
1]

EMBODIMENTS

Hereinafter, a belt conveyance apparatus and an image
forming apparatus according to the present invention are
described further 1n detail with reference to the drawings.

First Embodiment

1. Overall Configuration and Operation of Image
Forming Apparatus

FIG. 1 1s a schematic cross-sectional view ol an image
forming apparatus according to an embodiment of the pres-
ent mvention. An 1mage forming apparatus 100 of this
embodiment 1s a tandem color digital printer using an
intermediate transier process. The image forming apparatus
100 1s configured to form a color image by using an
clectrophotography process.

The 1image forming apparatus 100 includes first, second,
third, and fourth image forming sections SY, SM, SC, and
SK configured to form images in yellow (Y), magenta (M),
cyan (C), and black (K), respectively, as a plurality of image
forming sections (stations). In this embodiment, the 1mage
forming sections SY, SM, SC, and SK are substantially the
same 1n the configuration and the operation, except that each
image forming section SY, SM, SC, and SK uses a toner 1n
a different color in a development step. Hereinafter, when
the image forming sections SY, SM, SC, and SK do not need
to be distinguished from each other, the suflixes Y, M, C, and
K, which indicate the colors, may be omitted and the image
forming sections are collectively described.

Each image forming section S includes a photosensitive
drum 101, which 1s a drum type electrophotographic pho-
toconductive member (photoconductor), as an 1mage carrier.
The photosensitive drum 101 1s configured to rotate in a
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direction indicated by an arrow R1 in FIG. 1. In the image
forming section S, the following various devices are dis-
posed around the photosensitive drum 101. The various
devices include a charging roller 102, which 1s a roller type
charging member as a charging unit, a laser scanner 103 as
an exposing unit, a developer 104 as a developing unit, a
primary transier roller 105, which 1s a roller type primary
transier member as a primary transfer unit, and a drum
cleaner 107 as a photoconductor cleaning unait.

The charging roller 102 1s configured to substantially
uniformly charge the surface of the rotating photosensitive
drum 101 to a predetermined potential of predetermined
polarity (negative polarity in this embodiment). The charged
surface of the photosensitive drum 101 1s exposed to a light
emitted by the laser scanner 103 in accordance with an
image signal, and thus a latent 1mage (electrostatic 1mage)
corresponding to the image signal 1s formed on the photo-
sensitive drum 101. The laser scanner 103 1s configured to
receive an 1mage signal corresponding to the image forming
section S and apply a laser light to the surface of the
photosensitive drum 101 in accordance with the i1mage
signal so as to neutralize the charge on the photosensitive
drum 101 and form a latent image. The latent 1mage formed
on the photosensitive drum 101 1s developed by the devel-
oper 104 using a toner as a developing agent. In this
embodiment, a toner charged to the same polarity as the
charge polarity of the photosensitive drum 101 (negative
polarity in this embodiment) 1s attached to an exposed
portion of the photosensitive drum 101 where the absolute
value of the potential 1s lowered by being exposed to the
light after uniformly charged (reverse development).

The 1image forming apparatus 100 includes an intermedi-
ate transfer belt 106, which 1s an i1ntermediate transter
member composed of an endless belt, so as to face the
photosensitive drums 101 in the image forming sections S.
The intermediate transfer belt 106 1s configured to rotate 1n
a direction indicated by an arrow R2 1n FIG. 1. The primary
transier rollers 105 are positioned on an 1nner surface side of
the mtermediate transfer belt 106 so as to face the photo-
sensitive drums 101 1n the image forming sections S. The
primary transier rollers 105 are biased (pressed) against the
photosensitive drums 101 with the intermediate transier belt
106 therebetween to form primary transier portions (primary
transier nips) N1 where the intermediate transier belt 106
and the photosensitive drums 101 are in contact with each
other. In addition, a secondary transfer roller 108, which 1s
a roller type secondary transfer member as a secondary
transier unit, 1s disposed on an outer surface side of the
intermediate transier belt 106 so as to face a secondary
transier opposing roller 203, which 1s one of the support
rollers supporting the intermediate transfer belt 106 1 a
tensioned state. The secondary transier roller 108 1s biased
(pressed) against the secondary transier opposing roller 203
with the intermediate transier belt 106 therebetween to form
a secondary transfer portion (secondary transier nip) N2
where the intermediate transier belt 106 and the secondary
transfer roller 108 are in contact with each other. The
primary transier roller 105, the intermediate transfer belt
106, and the plurality of support rollers, which support the
intermediate transfer belt 106 in a tensioned state, for
example, constitute an intermediate transier unit 200, which
1s a belt conveyance apparatus in this embodiment. The
intermediate transier unit 200 1s described further 1n detail
later.

The toner 1mage formed on the photosensitive drum 101
1s electrostatically transferred (primary transierred) onto the
rotating intermediate transier belt 106 by the primary trans-
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ter roller 105 at the primary transier portion N1. At this time,
the primary transier roller 105 1s supplied with a primary
transier bias of the polarity opposite the charge polarity of
the toner during the development (regular charge polarity).
In the case of the formation of a full-color image, for
example, which 1s described later, the toner images 1n
different colors formed on the corresponding photosensitive
drums 101 1n the 1image forming sections S are sequentially
transierred onto the intermediate transfer belt 106 at the
primary transier portions N1 so as to overlap with each
other. As a result, a multilayered toner image for a full color
image 1s formed on the intermediate transfer belt 106. A
residual toner remaining on the photosensitive drum 101
alter the primary transier step (untransferred toner in the

primary transfer) 1s removed from the photosensitive drum
101 by the drum cleaner 107 and collected.

A recording material (image receiving medium, recording
medium, sheet) P such as paper sent from a cassette 111, 112,
or manual tray 113 1s sent to a resist roller 116 by a feeding
roller 114 or a transportation roller 115, for example. Then,
alter an end of the recording material P comes in contact
with the stopped resist roller 116 and forms a loop, the resist
roller 116 start rotating in synchronization with the toner
image on the mtermediate transier belt 106 to transport the
recording medium P to the secondary transfer portion N2.

The toner 1image on the intermediate transier belt 106 1s
clectrostatically transferred (secondary transierred) onto the
recording medium P by the secondary transier roller 108 at
the secondary transfer portion N2. At this time, the second-
ary transier roller 108 1s supplied with a secondary transfer
bias of the polarnty opposite to the charge polarity of the
regular charge polarity of the toner. A residual toner remain-
ing on the intermediate transter belt 106 after the secondary
transier step (untransierred toner in the secondary transier)
1s removed from the intermediate transier belt 106 by a belt
cleaner 117 and collected.

The recording maternial P to which the toner image 1s
transferred 1s sent to a fixing device 109 as a fixing unit
where the toner image 1s fixed on the recording material P
by heat and pressure. Then, the recording material P 1s
¢jected to the outside of the image forming apparatus 100
through one of ¢jection portions 110a and 1105.

In this embodiment, the image forming sections SY, SM,
SC, and SK constitute a toner image forming unit configured
to form a toner 1mage on the mtermediate transfer belt 106.

2. Intermediate Transier Unit

Next, a schematic configuration of the intermediate trans-
ter unit 200 as the belt conveyance apparatus 1n this embodi-
ment 1s described.

Here, a direction (width direction) substantially perpen-
dicular to the conveyance direction (traveling direction) of
the intermediate transier belt 106 may be also referred to as
a thrust direction. The thrust direction i1s substantially par-
allel to a direction of a rotation axis of each of the photo-
sensitive drums 101 and the support rollers 201 to 205. A
“front side” and “rear side” of the image forming apparatus
100 are respectively a side facing to the viewer and a side
facing away from the viewer in the thrust direction 1n FIG.
1. In addition, an up-down direction of the image forming
apparatus 100 1s an up-down direction in the vertical direc-
tion, but not limited to a straight up and down direction, and
may include an obliquely above and below the horizontal at
a reference position or reference component. In addition,
when the positional relationship between positions or com-
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6

ponents in the image forming apparatus 100 1s described, the
image forming apparatus 100 1s regarded as being set 1n a
normal position.

FIG. 2 1s a schematic cross-sectional view of the inter-
mediate transter unit 200 (the photosensitive drums 101 and
the secondary transier roller 108 are also illustrated). The
intermediate transfer umt 200 includes the intermediate
transier belt 106 as an intermediate transfer member. In this
embodiment, the intermediate transfer belt 106 1s an endless

belt (film) formed of polyimide. The material of the inter-
mediate transier belt 106 1s not limited to polyimide, and
may be a resin such as PVDF (polyvinylidene fluoride),
polyamide, PET (polyethylene terephthalate), or polycar-
bonate. The intermediate transier belt 106 1s supported by
five support rollers including a drive roller 201, a tension
roller 204, an auxiliary roller 205, an 1dler roller 202, and a
secondary transfer opposing roller 203 1n a tensioned state.

Four photosensitive drums 101 are arranged 1n a substan-
tially straight line extending in the conveyance direction of
the intermediate transter belt 106. In this embodiment, the
four photosensitive drums 101 are arranged in a substan-
tially horizontal direction. More specifically, 1in this embodi-
ment, the four photosensitive drums 101 are arranged in a
substantially straight line such that a common tangent line
on a side adjacent to the intermediate transfer umt 200
extends 1n a substantially horizontal direction.

The dnive roller 201 1s rotated by a belt drive motor 270
(FIG. 3) as a drive source and rotates (circulates or moves)
the intermediate transier belt 106 1n the direction indicated
by the arrow R2 1n FIG. 2. The surface of the drive roller 201
1s Tormed of a rubber layer having a high friction coetlicient
so as to prevent the intermediate transier belt 106 from
slipping. The drive roller 201 also functions as a steering
roller for correcting the belt deviation, which 1s described 1n
detail later. A structure for supporting the drive roller 201 1s
described in detail later.

The tension roller 204 1s rotatably supported by bearings
207 at end portions 1n a rotational axis direction thereof. The
bearings 207 are attached to a frame 240, which 1s described
later, 1n a movable manner in a direction indicated by an
arrow A 1n FIG. 2 (direction from the 1nner surface side of
the mtermediate transier belt 106 toward the outer surface
side, or the opposite direction). The bearings 207 are each
biased by a tension spring 208, which is a biasing unit, from
the mner surface side of the intermediate transfer belt 106
toward the outer surface side. Thus, the tension roller 204 1s
biased from the inner surface side of the intermediate
transier belt 106 toward the outer surface side so as to apply
a pressure to the mner surface of the intermediate transfer
belt 106. In this embodiment, the tension spring 208 is a
compressed coil spring, which 1s an elastic member, and 1s
disposed between the bearings 207 and a supporting surface
of the frame 240 1n a compressed state. The tension roller
204 1s described further 1n detail later.

The auxiliary roller 205 and the 1dler roller 202 provide an
image transier surface G therebetween. The 1mage transier
surface G, to which the toner 1image 1s transtferred from the
photosensitive drums 101, extends substantially 1n a planer
shape. The auxiliary roller 205 1s rotatably supported by the
frame 240 at end portions in a rotational axis direction
thereol by using bearings (not illustrated).

The 1dler roller 202 and the auxiliary roller 205 provide
the 1mage transfer surface G therebetween. The idler roller
202 1s rotatably supported by the frame 240 at end portions
in the rotational axis direction thereof by using bearings (not
illustrated).
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The secondary transfer opposing roller (secondary trans-
ter imner roller) 203 and the secondary transier roller (sec-

ondary transier outer roller) 108 provide the secondary
transier portion N2 with the intermediate transier belt 106
being sandwiched therebetween. The secondary transier
opposing roller 203 1s rotatably supported by the frame 240
at end portions 1n the rotational axis direction by using
bearings (not illustrated).

The intermediate transfer unit 200 includes the above-
described primary transfer rollers 105Y, 105M, 105C, and

105K. The primary transfer rollers 105Y, 105M, 105C, and
105K are disposed so as to face the corresponding photo-
sensitive drums 101Y, 101M, 101C, and 101K with the
intermediate transfer belt 106 therebetween. The primary
transier rollers 105 are disposed between the auxiliary roller
205 and the idler roller 202 1n the conveyance direction of
the mtermediate transfer belt 106. The primary transier
rollers 105 are each rotatably supported by bearings 210,
which are rotatably attached to the frame 240, at end
portions 1n the rotational axis direction. The bearings 210 are
cach biased against the photosensitive drum 101 by a
primary transfer spring 209, which 1s a biasing unit. In this
embodiment, the primary transfer spring 209 1s a com-
pressed coil spring, which 1s an elastic member, and 1s
disposed between the frame 240 and the bearing 210 1n a
compressed state. The primary transier rollers 105 and the
corresponding photosensitive drums 101 sandwich the inter-
mediate transier belt 106 and provide the primary transier
portions N1 therebetween.

3. Steering Mechanism

Next, a steering mechanism 1s described. The steering
mechanism 1s configured to correct the position of the
intermediate transier belt 106 in the width direction (here-
inafter, may be simply referred to as a belt position), which
1s displaced due to the belt deviation, such that the belt
position 1s brought back to a substantially middle position.

In this embodiment, the drive roller 201, which rotates the
intermediate transier belt 106, also functions as a steering
roller, which 1s one of the plurality of support rollers
supporting the intermediate transfer belt 106 1n a tensioned
state. The steering roller 1s configured to tilt with respect to
the other support rollers to correct the belt position. How-
ever, the present invention 1s not limited to the configuration
in which the steering roller 1s the drive roller. For example,
in a supporting structure similar to that in FIG. 2, the i1dler
roller 202 or the secondary transier opposing roller 203 may
be used as the drive roller such that the steering roller and
the drive roller are different support rollers.

FIG. 3 1s a schematic perspective view of the drive roller
(hereimaftter, referred to as a steering roller) 201 and periph-
eral portions thereof viewed from the front side (the inter-
mediate transier belt 106 1s not illustrated). FIG. 4A 1s a
schematic perspective view of a steering drive unit 250,
which 1s described later, and peripheral portions thereof
viewed from the front side. FIG. 4B 1s a schematic perspec-
tive view of the steering drive unit 250 and pernipheral
portions thereof viewed from the rear side. In FIGS. 4A and
4B, the intermediate transter belt 106 are not 1llustrated.

In this embodiment, a steering mechanism 260 controls
the belt position by changing the position of the steering
roller 201 with respect to the secondary transier opposing
roller 203 (first roller). A front end portion of the steering
roller 201 1n the rotational axis direction 1s rotatably sup-
ported by the frame 240 with a bearing (not illustrated)
therebetween. In addition, a rear end portion of the steering,
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roller 201 1n the rotational axis direction 1s rotatably sup-
ported by a steering arm 223, which 1s a supporting member,
with a bearing therebetween. The steering arm 223 1s
supported by the frame 240 1n a turnable (swingable)
manner about a turn shaft 228 positioned on a rear side
surface of the frame 240. In addition, an eccentric cam 222
1s disposed on the rear side surface of the frame 240. The
steering arm 223 1s biased so as to be in contact with the
eccentric cam 222. A steering motor 220, which 1s a drive
source, rotates the eccentric cam 222 through a steering cam
shaft 227. The steering arm 223 1s turned when the eccentric
cam 222 i1s rotated. The angular position of the steering arm
223 1n the turning direction 1s determined by the stop
position of the eccentric cam 222. In this way, the steering
arm 223 moves the end portion of the steering roller 201,
which 1s positioned on the rear side 1n the rotational axis
direction, in the up-down direction on the predetermined
tilting trajectory (substantially arc shape). This configuration
cnables the steering roller 201 to tilt about the bearing,
which supports the end portion on the front side i1n the
rotational axis direction, on the predetermined tilting trajec-
tory. In this embodiment, the steering motor 220, the steer-
ing cam shaft 227, and the eccentric cam 222 constitute the
steering drive unit 250.

The mtermediate transfer unit 200 further includes a belt
position detection mechanism 230 to detect the belt position.
In this embodiment, the belt position detection mechanism
230 includes a sensor flag portion (hereinafter, simply
referred to as a flag) 224 and a sensor 226 including a
plurality of transmissive photointerrupters. The tlag 224 1s
supported 1n a turnable (swingable) manner about a flag
rotation shaft 224¢. The tlag 224 has a contact portion 224a
at 1ts one end and a light blocking portion 2245, which
blocks a light of the photomnterrupter in the sensor 226
depending on the angular position 1n the turn direction of the
flag 224, at the other end. The tlag 224 1s biased by a torsion
coil spring 225, which 1s an elastic member as a biasing unit,
such that the contact portion 224aq 1s turned so as to come 1n
contact with a front end surface (edge) of the intermediate
transier belt 106. When the belt deviation 1s caused by the
traveling of the intermediate transter belt 106, the flag 224
turns 1n connection with the displacement of the intermedi-
ate transier belt 106. The turn of the flag 224 1s detected by
the sensor 226. In other words, the tlag 224 blocks the light
of the photointerrupters of the sensor 226 1n accordance with
the belt position, and a combination of output signals from
the photointerrupter of the sensor changes. A control umt
251 activates the steering motor 220 to rotate the eccentric
cam 222 based on the output signals, causing the steering
arm 223 to turn. This enables the steering roller 201 to be
tilted on the tilting trajectory defined by the steering arm 223
such that the intermediate transier belt 106 moves in the
width direction back to substantially the middle position.

FIGS. 5A to 5C are schematic perspective views 1llus-
trating an operation of the steering mechanism 260. FIG. SA
indicates a state 1n which the belt position 1s positioned at
substantially the middle. FIG. 3B indicates a state in which
the belt position 1s displaced to the rear side. FIG. 5C
indicates a state 1n which the belt position 1s displaced to the
front side. As 1illustrated in FIG. 5B, 1f the belt position 1s
displaced to the rear side, the rear end portion of the steering
roller 201 1s moved 1n the direction indicated by an arrow C1
(downwardly) in FIG. 4B. This moves the intermediate
transier belt 106 to the front side as indicated by an arrow
B1 in FIGS. 4A and 4B and FIG. 5B. In addition, 1f the belt
position 1s displaced to the front side as illustrated 1in FIG.
5C, the rear end portion of the steering roller 201 1s moved
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in a direction indicated by an arrow C2 (upwardly) 1n FIG.
4B. This moves the intermediate transter belt 106 to the rear

side as indicated by an arrow B2 in FIGS. 4A and 4B and

FIG. 5C. As described above, since the steering mechanism
260 causes the steering roller 201 to tilt based on the
detection result of the belt position detection mechanism
230, the belt position 1s corrected to the substantially middle.

In this embodiment, the steering arm 223, the steering
drive unit 250, the belt position detection mechanism 230,
and the control unit 251, for example, constitute the steering
mechanism 260.

In this embodiment, a distance between the secondary
transier opposing roller 203 and the steering roller 201 1n the
conveyance direction of the intermediate transier belt 106 1s
longer than the width of the intermediate transier belt 106
regardless of the tilting amount (titling angle) of the steering,
roller 201. In addition, in this embodiment, the tilting
trajectory of the steering roller 201 1s set such that the
rotational axes of the support rollers other than the steering
roller 201 are arranged substantially parallel to each other
regardless of the tilting amount (tilting angle) of the steering,
roller 201. Here, “substantially parallel” includes a state in
which the angle defined between the rotational axis of the
tension roller 204 and the rotational axis of each support
roller 202 and 203, which are support rollers other than the
steering roller 201 and the tension roller 204, 1s 5 degrees or
less. In this embodiment, one end portion of the steering
roller 201 1s supported 1n a turnable manner about the axis
intersecting (1n this embodiment, substantially perpendicu-
lar to) the rotation axis of the steering roller 201. In addition,
in this embodiment, another end portion of the steering roller
201 1s supported 1n a rotatable manner by the steering arm
223, which 1s turnable about the axis substantially perpen-
dicular to the rotation axis of the secondary transier oppos-
ing roller 203. This configuration enables the other end of
the steering roller 201 to move on the arc-like movement
trajectory. In particular, in this embodiment, the tilting
trajectory (the movement trajectory of the above-described
other end 1s described as an example) extends 1n the direc-
tion described below. The movement trajectory extends,
when viewed in the width direction of the intermediate
transier belt 106, 1n a direction intersecting both of a surface
of the intermediate transier belt 106 between the secondary
transier opposing roller 203 and the steering roller 201 and

a surface of the intermediate transter belt 106 between the
steering roller 201 and the tension roller 204.

4. Tension Roller

Next, the tension roller 204 1s described further in detail.
FIG. 6A 1s a perspective view of the tension roller 204. FIG.
6B 1s a cross-sectional view of the tension roller 204.

The tension roller 204 (second roller) 1s a reverse crown
roller, which has a reverse crown shape in which each end
portion in the rotational axis direction has a larger outer
diameter than a middle portion. More specifically, 1n this
embodiment, the tension roller 204 1s a reverse crown roller
having a reverse crown shape having an outer diameter
gradually increases from the middle toward each end in the
rotational axis direction by a constant radius. The reverse
crown amount 1s indicated by (¢d1-¢d2), which 1s a difler-
ence between the maximum outer diameter and the mini-
mum outer diameter, where ¢dl 1s the maximum outer
diameter (an outer diameter of the end portion) of the tension
roller 204 and ¢d2 1s the minimum outer diameter (an outer
diameter of the middle portion).
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In FIGS. 6A and 6B, the reverse crown shape are exag-
gerated. Here, the middle portion and the end portions of the
tension roller 204 are middle and end portions in the
rotational axis direction of the tension roller 204 1n an area
of the tension roller 204 to be in contact with (wound
around) the mtermediate transier belt 106.

The tension roller 204 1s disposed adjacent to and down-
stream ol the steering roller (upstream roller) 201 1n the
conveyance direction of the itermediate transier belt 106.
The tension roller 204 biases (presses) against the interme-
diate transfer belt 106 from the 1inner surface side toward the
outer surface side at the both end portions 1n the rotational
axis direction. With this configuration, the tension roller 204
applies tension to the intermediate transier belt 106 to
climinate the difference in the circumierential length of the
intermediate transier belt 106 1n the width direction, which
1s caused by the tilting of the steering roller 201.

FIG. 7 1s a schematic view indicating a tension distribu-
tion 1 a surface of the intermediate transifer belt 106
extending between the secondary opposing roller 203 and
the tension roller 204 when the steering roller 201 1s tilted
in the direction indicated by the arrow C1 1n FIG. 4B 1n this
embodiment. In FIG. 7, the intermediate transfer belt 106 1s
exploded 1n the conveyance direction thereof.

In addition, FIG. 8, which corresponds to FIG. 7, 1s a
schematic view of a comparative example which employs a
cylindrical (straight) tension roller 204 having substantially
a constant outer diameter over the entire length in the
rotational axis direction. The intermediate transter unit 200
of the comparative example has a configuration substantially
identical to that of the first embodiment except for the
tension roller 204 above-described configuration. The com-
ponents of the comparative example 1dentical to those of the
first embodiment are assigned the same reference numerals
as those of the first embodiment.

The steering roller 201 may be tilted 1n a direction
indicated by the arrow C1 i FIG. 4B to move the belt
position 1n a direction indicated by an arrow B1 in FIG. 7
and FIG. 8. Such a case 1s discussed. In such a case, tension
T1 applied by the steering roller 201 1s higher toward a
downstream side in the movement direction of the belt
position (lower side mn FIG. 7 and FIG. 8). The larger the
tilting amount of the steering roller 201, the larger the
difference in the tension 11 in the width direction of the
intermediate transier belt 106. Tension T2, which 1s applied
to a position around the secondary transier opposing roller
203, 1s substantially evenly distributed 1n the width direction
of the intermediate transier belt 106.

As 1llustrated in FIG. 8, when the tension roller 204 1s
straight (comparative example), tension T3, which 1s applied
to a portion of the intermediate transfer belt 106 close to the
tension roller 204, 1s substantially evenly distributed 1n the
width direction of the intermediate transfer belt 106. Thus,
the stretched surface of the intermediate transfer belt 106
between the steering roller 201 and the secondary transier
opposing roller 203 has a diflerence 1n the distribution of the
tension, which 1s applied 1n the conveyance direction of the
intermediate transfer belt 106, at end portions 1n the width
direction of the intermediate transter belt 106. As a result, a
radial wave W 1s generated to extend from a portion of the
stretched surface adjacent to the steering roller 201, at which
the tension 1s hligh (lower side i FIG. 8), toward an
upstream side 1n the conveyance direction of the interme-
diate transfer belt 106, and thus the stretched surface has an
area X where the tension 1s low. In particular, the wave W
tends to have a higher and steeper shape as the length of the
stretched surface 1n the direction of tension, 1.e., the length
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of the intermediate transfer belt 106 in the conveyance
direction, 1s longer than the width of the intermediate
transier belt 106.

Contrary to this, as 1llustrated 1n FIG. 7, when the tension
roller 204 has a reverse crown shape (the embodiment of the
present invention), the tension T3 applied by the tension
roller 204 1s higher at end portions in the rotational axis
direction of the tension roller 204, which have the larger
outer diameter, than at the middle portion 1n the rotational
axis direction. With this configuration, the difl

erence 1n
tension 1n the width direction of the intermediate transier
belt 106 at a portion close to the steering roller 201 1s smaller
than that 1n the case of FIG. 8. In addition, this configuration
has a smaller area X, where the tension in the stretched
surface of the intermediate transfer belt 106 between the
steering roller 201 and the secondary transfer opposing
roller 203 1s low, than 1n the case of FIG. 8. As a result, the
occurrence of the wave W, which 1s caused 1n the stretched
surface by the tilting of the steering roller 201, 1s suppressed.
Thus, the buckling of the portion of the mntermediate transfer
belt 106 to be wound around the steering roller 201 1s
reduced, reducing the image defect due to the bent interme-
diate transfer belt 106. Here, as illustrated in FIG. 7, in the
end portion (lower portion in FIG. 7) in the width direction
of the intermediate transfer belt 106, where the tension T1 1s
high, the tension T3 1s also high compared to the middle
portion. However, 1n the configuration illustrated in FIG. 7,
the ratio of the distribution of the tension T3 with respect to
the tension T1 1s more equalized than 1n the case of FIG. 8.
Thus, the configuration illustrated 1n FIG. 7 has the above-
described advantages.

The waving 1s more suppressed as the reverse crown
amount (¢d1-¢d2) 1s larger. However, 1f the reverse crown

amount 1s too large, it 1s diflicult to wind the intermediate
transier belt 106 around the tension roller 204 over the entire
area 1n the width direction of the intermediate transier belt
106. In addition, 1n general, 1f a support roller for supporting
the belt 1n a tensioned state having a reverse crown shape 1s
employed, the shape increases the deviation amount of the
belt when the belt 1s displaced to one side 1n the width
direction. Thus, 1f the reverse crown amount of the tension
roller 204 1s too large, the belt deviation may be diflicult to
be corrected by the tilting of the steering roller 201. In view
of this, the reverse crown amount of the tension roller 204
can be about a few hundred um (200 um to 600 um, for
example) when the length in the rotational axis direction of
the tension roller 204 1s 350 mm, the outer diameter of the
end portion 1n the rotational axis direction 1s $20 mm. In this
embodiment, the length in the rotational axis direction of the
tension roller 204 and the outer diameter of the end portion
in the rotational axis direction are described as above, and
the reverse crown amount 1s 400 um.

As described above, 1n this embodiment, the tilting of the
steering roller 201 causes the tension roller 204 to correct the
difference 1n the circumierential length of the intermediate
transier belt 106 1n the width direction of the intermediate
transier belt 106. In addition, the reverse crown shape of the
tension roller 204 reduces the difference in tension of the
stretched surface, which 1s positioned upstream of the steer-
ing roller 201 1n the conveyance direction of the interme-
diate transfer belt 106, over the area 1n the width direction,
reducing the occurrence of the waving in the stretched
surface. With this configuration, the belt position 1s properly
corrected by the steering roller 201, and the buckling of the
intermediate transier belt 106 at the portion to be wound
around the steering roller 201 1s suppressed, and thus the

high 1mage quality 1s obtained. According to this embodi-
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ment, the waving of the intermediate transier belt 106 due to
the difference in the tension in the width direction of the
intermediate transier belt 106, which 1s caused by the tilting
of the steering roller 201, 1s reduced.

Second Embodiment

Next, another embodiment of the present invention 1is
described. The basic configuration and operation of the
image forming apparatus according to this embodiment are
identical to those of the first embodiment. Thus, the com-
ponents of the image forming apparatus in this embodiment
having the functions and configurations identical or corre-
sponding to those of the image forming apparatus in the first
embodiment are assigned the same reference numerals as
those of the image forming apparatus 1n the first embodi-
ment, and are not described 1n detail.

[
T

flect of Reverse Crown Shape of Tension
Roller on Color Misalignment

An eflect of the reverse crown shape of the tension roller
204 on the color misalignment 1s described.

FIG. 12 1s a schematic view indicating a relationship
between expansion and contraction of the intermediate
transier belt 106 and the 1mage at the image transier surface
(primary transfer surface) G 1n the configuration of the first
embodiment. In FIG. 12, the intermediate transfer belt 106
1s exploded in the conveyance direction thereof, and the
image transier surface G 1s viewed from below. The eflect
due to the reverse crown shape of the tension roller 204 1s
exaggerated. In FIG. 12, broken lines indicate changes 1n the
expansion and contraction of the intermediate transier belt
106 1n the conveying process of the intermediate transfer
belt 106, and double lines indicate changes in the yellow
image 1n the conveying process. Here, the image 1s a straight
line extending in the rotational axis direction (main scanning
direction) of the photosensitive drum 101.

The tension of the image transier surface G of the
intermediate transier belt 106 1n the width direction 1s
desired to be substantially constant while the intermediate
transier belt 106 1s travelling, so as to reduce an 1mage defect
such as color misalignment. However, since the intermediate
transier belt 106 changes 1ts shape to fit the reverse crown
shape of the tension roller 204, the front side, the rear side,
and the middle in the width direction of the intermediate
transier belt 106 may be diflerent in the amount of expansion
and contraction in the conveyance direction as 1llustrated 1n
FIG. 12. The primary transier portion for yellow N1Y, which
1s closest to the tension roller 204 1n the conveyance
direction of the intermediate transier belt 106, has the largest
difference 1n the expansion and contraction, and the differ-
ence becomes smaller as closer to the downstream side.
Thus, the image transierred from the photosensitive drum
for yellow 101Y to the intermediate transfer belt 106 gradu-
ally curves with the changes in the expansion and contrac-
tion of the intermediate transier belt 106 until reaches the
primary transfer portion for black N1K.

Since the image transierred from the photosensitive drum
for black 101K to the mtermediate transfer belt 106 1s a
straight line, the position of the yellow image and the
position of the black image are misaligned at the middle in
the width direction of the intermediate transier belt 106. The
color misalignment 1n a direction (sub scanning direction)
substantially perpendicular to the conveyance direction of

the intermediate transter belt 106 occurs in this way.
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To reduce the color misalignment in the above-described
sub scanning direction, this embodiment employs a crown
roller as the auxiliary roller 205.

2. Auxiliary Roller

Next, the auxiliary roller 205 (third roller) 1s described
turther 1n detail. FIG. 9A 1s a perspective view of the
auxiliary roller 205 in this embodiment, and FIG. 9B 1s a
cross-sectional view of the auxihary roller 205 in this
embodiment.

The auxiliary roller (downstream roller) 205 1s disposed
adjacent to and downstream of the tension roller 204 and
upstream of the image transier surtace G 1n the conveyance
direction of the intermediate transier belt 106. More spe-
cifically, 1n the conveyance direction of the intermediate
transier belt 106, the auxiliary roller 205 1s disposed adja-
cent to and downstream of the tension roller 204 and
upstream of the primary transier portion N1Y, which 1s the
most upstream one of the primary transfer portions N1. In
this embodiment, the auxiliary roller 2035 1s a crown roller
having a crown shape 1n which end portions 1n the rotational
axis direction each have a smaller outer diameter than the
middle portion. More specifically, in this embodiment, the
auxiliary roller 205 1s a crown roller having a crown shape
having an outer diameter gradually decreases from the
middle toward each end 1n the rotational axis direction by a
constant radius. The crown amount 1s indicated by (¢pdd—
¢d3), which 1s a difference between the maximum outer
diameter and the minimum outer diameter, where ¢d3 1s the
mimmum outer diameter (an outer diameter of the end
portion) of the auxiliary roller 205 and ¢d4 1s the maximum
outer diameter (an outer diameter of the middle portion).

In FIGS. 9A and 9B, the crown shape are exaggerated.
Here, the middle portion and the end portions of the auxil-
1ary roller 205 are middle and end portions 1n the rotational
axis direction of the auxiliary roller 205 in an area of the
auxiliary roller 203 to be 1n contact with (wound around) the
intermediate transier belt 106.

FIG. 10 1indicates a tension distribution in the intermediate
transier belt 106 at a portion close to the image transier
surface G 1 a case 1n which the auxiliary roller 205 1s a
crown roller. In FIG. 10, the intermediate transfer belt 106
1s exploded 1n the conveyance direction thereof, and the
image transier surface G 1s viewed from above. When the
auxiliary roller 205, which 1s a crown roller, sends the
intermediate transier belt 106, tension T4 applied to the
intermediate transier belt 106 1s high at the middle portion
of the auxiliary roller 205 in the rotational axis direction.
Thus, the difference 1n the tension T3 applied by the tension
roller 204, which 1s the reverse crown roller, in the width
direction of the intermediate transier belt 106 1s eliminated
by the distribution of the tension T4 applied by the auxiliary
roller 205. With this configuration, the difference in the
tension on the image transfer surface G 1n the width direc-
tion of the intermediate transter belt 106 1s reduced even
when the tension roller 204, which 1s disposed upstream of
the 1image transier surface G in the conveyance direction of
the intermediate transfer belt 106, has the reversed crown
shape, leading to a reduction in the image defect such as
color misalignment. Heremafter, this 1s described further 1n
detail.

The crown amount of the auxiliary roller 205 1s desired to
be set such that the reverse crown shape of the tension roller
204 sufliciently eliminates the difference in the expansion
and contraction of the intermediate transier belt 106 1n the
width direction, which 1s caused by the reverse crown shape
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of the tension roller 204. In this embodiment, since the
tension roller 204 1s biased by the tension spring 208 at each
end portion 1n the rotational axis direction, the tension roller
204 warps a little. Thus, the difference 1n the expansion and
contraction of the intermediate transier belt 106 1n the width
direction tends to be larger than the reverse crown amount
of the tension roller 204. Thus, the crown amount of the
auxiliary roller 205 can be set to be larger than the reverse
crown amount of the tension roller 204. In this embodiment,
the reverse crown amount of the tension roller 204 1s 400
um, and the crown amount of the auxiliary roller 205 1s 500
L.
FIG. 11 1s a schematic view indicating a relationship
between the expansion and contraction of the intermediate
transier belt 106 and the 1image at the 1image transfer surface
G. In FIG. 11, the imntermediate transfer belt 106 1s exploded
in the conveyance direction thereof, and the image transfer
surtace G 1s viewed from below. The effect due to the
reverse crown shape of the tension roller 204 and the crown
shape of the auxiliary roller 205 1s exaggerated. In FIG. 11,
broken lines indicate changes 1n the expansion and contrac-
tion of the intermediate transier belt 106 in the conveying
process of the intermediate transier belt 106, and double
lines indicate changes 1n the yellow image 1n the conveying
process. Here, the image 1s a straight line extending 1n the
rotational axis direction (main scanning direction) of the
photosensitive drum 101.

As 1llustrated 1n FI1G. 11, the crown shape of the auxihary
roller 205 eliminates the difference in the expansion and
contraction of the intermediate transier belt 106 1n the width
direction, which is caused by the reverse crown shape of the
tension roller 204, 1n an area between the auxiliary roller 205
and the primary transier portion for yellow N1Y. This
reduces the image defect such as the color misalignment due
to the difference 1n the expansion and contraction of the
intermediate transfer belt 106 1n the width direction. The
amount of the color misalignment reduced by the configu-
ration 1n this embodiment 1s estimated to be 60% or more.

As described above, this embodiment reduces the waving
of the intermediate transter belt 106, which 1s caused by the
steering operation, and the image defect such as the color
misalignment, which 1s caused by the difference in the
expansion and contraction of the intermediate transfer belt
106 1n the width direction at the 1image transier surface G.
Thus, this embodiment 1s more advantageous in the forma-
tion of a high-quality 1image than the first embodiment.
Others

Although the present invention has been described using
the specific embodiments, the present invention 1s not lim-
ited to the above-described embodiments.

The above-embodiments include the four image forming,
sections, but the number of the 1mage forming sections 1s not
limited to four and may be more than or less than four. In
addition, the alignment sequence of the image forming
sections for yellow, magenta, cyan, and black 1s not limited
to that in the above-described embodiments.

In addition, 1n the above-described embodiments, the
intermediate transier belt 1s supported by the five support
rollers 1n a tensioned state. However, the number of the
support rollers used to support the intermediate transfer belt
in a tensioned state 1s not limited to five, and may be more
than or less than five.

In addition, in the above-described embodiments, the
image transier surface i1s provided between the auxiliary
roller (downstream roller) and the idler roller, which 1s
positioned upstream of the secondary transfer opposing
roller (upstream roller) 1n the conveyance direction of the
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intermediate transier belt, but the present invention 1s not
limited to this configuration. For example, the image transier
surface may be provided between the auxiliary roller (down-
stream roller) and the secondary transfer opposing roller
(upstream roller). In addition, 1n the above-described
embodiments, the auxiliary roller 1s disposed adjacent to and
downstream of the tension roller 1n the conveyance direction
of the intermediate transier belt, but the present invention 1s
not limited to this configuration. An additional support roller
may be disposed between the tension roller and the auxiliary
roller (downstream roller). For example, an auxiliary roller
(downstream roller) having a crown shape may be disposed
downstream of the tension roller 1n the conveyance direction
of the intermediate transier belt and upstream of the primary
transier portion (specifically, the most upstream one of the
primary transier portions). This configuration provides the
same advantage as that in the second embodiment.

In addition, 1n the above-described embodiments, the
image forming apparatus using the intermediate transfer
process 1s described as an example, but the present invention
1s applicable to an 1mage forming apparatus using a direct
transier process. FI1G. 13 1s a schematic cross-sectional view
of the main components of an i1mage forming apparatus
using a direct transfer process. In FIG. 13, the components
having the functions and configurations i1dentical or corre-
sponding to those of the image forming apparatus illustrated
in FIG. 1 are assigned the same reference numerals as those
in FIG. 1. An 1mage forming apparatus 100 in FIG. 13
includes a recording material carrying belt 160, which 1s an
endless belt as a recording material carrier, istead of the
intermediate transfer belt 106 of the image forming appa-
ratus 100 in FIG. 1. In the image forming apparatus 100 in
FIG. 13, the toner image formed on the photosensitive drum
101 at each image forming section S 1s transierred to the
recording material P, which 1s carried and conveyed by the
recording material carrying belt 160, at each transier portion
N. In such an image forming apparatus 100 using the direct
transfer process, 1t 1s desired to prevent the recording
material carrying belt 160 from having a crease, which 1s
caused by the waving due to the steering operation, so as to
properly convey the recording material P. In addition, it 1s
desired to reduce the difference 1n expansion and contraction
of the recording maternial carrying belt 160 in the width
direction on the image transier surface G so as to properly
transport the recording material P on the image transier
surface (recording material carrying surface) G. Therefore,
the waving and the diflerence in the expansion and contrac-
tion are reduced 1n the 1image forming apparatus 100 using
the direct transfer process by employing the configurations
in the above-described first and second embodiments. In
addition, the present invention 1s applicable to a belt con-
veyance apparatus, in which a belt 1s a photosensitive belt or
an electrostatic recording dielectric belt, and to an 1mage
forming apparatus including the belt conveyance apparatus.

While the present invention has been described with
reference to exemplary embodiments, it 1s to be understood
that the mvention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest mterpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2015-171507, filed Aug. 31, 2013, which 1s
hereby incorporated by reference herein in its entirety.

What 1s claimed 1s:
1. A belt conveyance apparatus comprising:
an endless belt carrying a toner image; and
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a plurality of support rollers supporting the endless belt
from an inner surface side of the endless belt 1n a
tensioned state, the plurality of support rollers 1nclud-
ing a steering roller, a first roller, and a second roller,
wherein

the steering roller 1s configured to move the endless belt
in a width direction of the endless belt intersecting a
traveling direction of the endless belt when tilted with
respect to the first roller,

the first roller 1s disposed adjacent to and upstream of the
steering roller 1n the traveling direction, and

the second roller 1s disposed adjacent to and downstream
of the steering roller 1n the traveling direction, the
second roller having a reverse crown shape in which
end portions 1n a rotational axis direction each have a
larger outer diameter than a middle portion.

2. The belt conveyance apparatus according to claim 1,
wherein an area of the endless belt extending between the
first roller and the steering roller has a length 1n the traveling
direction larger than a length of the endless belt 1n the width
direction.

3. The belt conveyance apparatus according to claim 1,
wherein rotational axes of the first roller and the second
roller are substantially parallel to each other.

4. The belt conveyance apparatus according to claim 1,
wherein the steering roller has an end portion 1n a rotational
axis direction supported 1n a turnable manner about an axis
intersecting a rotational axis of the steering roller and
another end portion supported 1n a rotatable manner by a
supporting member.

5. The belt conveyance apparatus according to claim 1,
wherein the plurality of support rollers include a third roller
disposed adjacent to and downstream of the second roller 1n
the traveling direction, and

the third roller has a crown shape 1n which end portions
in the rotational axis direction each have a smaller outer
diameter than a middle portion.

6. The belt conveyance apparatus according to claim 3,
wherein a crown amount of the crown shape of the third
roller 1s larger than a reverse crown amount of the reverse
crown shape of the second roller.

7. The belt conveyance apparatus according to claim 1,
wherein the steering roller 1s configured to apply a dniving
force to the endless belt when rotated.

8. An 1mage forming apparatus comprising:

an endless belt:

a toner 1mage forming unit configured to form a toner
image on the endless belt; and

a plurality of support rollers supporting the endless belt
from an inner surface side of the endless belt 1n a
tensioned state, the plurality of support rollers 1nclud-
ing a steering roller, a first roller, and a second roller,
wherein

the steering roller 1s configured to move the endless belt
in a width direction of the endless belt intersecting a
traveling direction of the endless belt when tilted with
respect to the first roller,

the first roller 1s disposed adjacent to and upstream of the
steering roller 1n the traveling direction, and

the second roller 1s disposed adjacent to and downstream
of the steering roller 1n the traveling direction, the
second roller having a reverse crown shape in which
end portions 1n a rotational axis direction each have a
larger outer diameter than a middle portion.

9. The image forming apparatus according to claim 8,

wherein an area of the endless belt extending between the
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first roller and the steering roller has a length 1n the traveling
direction larger than a length of the endless belt in the width
direction.

10. The image forming apparatus according to claim 8,
wherein rotational axes of the first roller and the second
roller are substantially parallel to each other.

11. The image forming apparatus according to claim 8,
wherein the steering roller has an end portion 1n a rotational
axis direction supported 1n a turnable manner about an axis
intersecting a rotational axis of the steering roller and
another end portion supported 1n a rotatable manner by a
supporting member.

12. The image forming apparatus according to claim 8,
wherein the plurality of support rollers include a third roller
disposed adjacent to and downstream of the second roller 1n
the traveling direction, and

the third roller has a crown shape in which end portions

in the rotational axis direction each have a smaller outer
diameter than a middle portion.

13. The image forming apparatus according to claim 12,
wherein a crown amount of the crown shape of the third
roller 1s larger than a reverse crown amount of the reverse
crown shape of the second roller.

14. The 1mage forming apparatus according to claim 8,
wherein the steering roller 1s configured to apply a driving,
force to the endless belt when rotated.

15. The 1mage forming apparatus according to claim 1,
turther comprising:

bearing members configured to rotatably support the

second roller by respectively being provided to either
end of the second roller in the width direction; and

a biasing member configured to bias each of the bearing

members,

wherein the second roller 1s biased by the biasing member

from the inner surface side of the endless belt toward
the outer surface side.

16. The image forming apparatus according to claim 8,
turther comprising;:
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bearing members configured to rotatably support the
second roller by respectively being provided to either
end of the second roller in the width direction; and

a biasing member configured to bias each of the bearing

members,

wherein the second roller 1s biased by the biasing member

from the inner surface side of the endless belt toward
the outer surface side.

17. A belt conveyance apparatus comprising;:

an endless belt carrying a toner image; and

a plurality of support rollers supporting the endless belt

from an inner surface side of the endless belt 1n a
tensioned state, the plurality of support rollers includ-
ing a steering roller, a first roller, and a second roller,
wherein

the steering roller 1s configured to move the endless belt

in a width direction of the endless belt intersecting a
traveling direction of the endless belt when tilted with
respect to the first roller,

the first roller 1s disposed adjacent to and upstream of the

steering roller 1n the traveling direction, and

the second roller 1s disposed adjacent to and downstream

of the steering roller in the traveling direction, the
second roller being smaller in diameter at a central
portion than at an end portion in the endless belt contact
region thereof with respect to a rotational axis direction
thereof.

18. The image forming apparatus according to claim 17,
wherein the steering roller 1s configured to apply a driving
force to the endless belt when rotated.

19. The image forming apparatus according to claim 17,
turther comprising;:

bearing members configured to rotatably support the

second roller by respectively being provided to either
end of the second roller in the width direction; and

a biasing member configured to bias each of the bearing

members, wherein the second roller 1s biased by the
biasing member from the inner surface side of the

endless belt toward the outer surftace side.
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